Nerolidol and its derivatives, namely cis-nerolidol, O-methyl-nerolidol, O-ethyl-nerolidol, (-)--bisabolol, trans,trans-farnesol and its main natural source cabreuva essential oil, were tested for their antimicrobial activity against airborne microbes and antifungal properties against plant pathogens. Among the tested compounds, -bisabolol was the most effective antimicrobial agent and trans,trans-farnesol showed the best antifungal activity.
delivery of therapeutic drugs [15] . Ryabchenko et al. demonstrated significant cytotoxicity of trans-nerolidol, synthetic nerolidol (E/Z 40.7% / 58.3%) and cis-nerolidol, respectively against HeLa cells. In this case, a direct interaction with the cell membrane, leading to altered permeability, and cell death was considered as a possible mechanism of sesquiterpene cytotoxicity [16, 17] . Synthetic nerolidol reduced the number of Jurkat cells significantly [16] . Klopell et al. showed that nerolidol displayed antiulcer activity due to inhibition of ulcer formation in different animal models [18] . The inhibition of mouse polyomavirus activity was demonstrated by synthetic nerolidol and trans-nerolidol [16] . Trans-nerolidol is also an important male-specific pheromone for insects [19] .
Cabreuva oil, the essential oil of Myrocarpus frondosus Allem., M. fastigiatus Allem. (Fabaceae), or Myroxylon balsamum var. pereira Klotzsch (Fabaceae), is the most important natural source of transnerolidol (approximately 80%) [12] . The scent of cabreuva oil is described as balsamic, dusty floral, somewhat herbal and woody. This essential oil is thus used as a popular ingredient in the fragrance industry [20] .
(-)--Bisabolol {(R)-6-methyl-2-((R)-4-methylcyclohex-3-enyl)hept-5en-2-ol}, isolated for the first time in 1951 from the blossoms of Matricaria chamomilla (Asteraceae), is still in common use in the fragrance industry. This sesquiterpene alcohol exhibits analgesic, antibiotic and anticancer activities. The use of either bisabolol or bisabolol-rich oils as anti-inflammatory agents is ubiquitous [21] . Because of its low toxicity and its antimicrobial and antifungal properties, the Food and Drug Administration (FDA) has classified this fragrance as 'Generally Regarded As Safe (GRAS)', promoting its use in several cosmetics and foodstuffs [22] . The antiphlogistic and spasmolytic effect of -bisabolol has been known for decades [23] ; the whitening effect on human skin was investigated recently [24] .
Trans,trans-farnesol, an alicyclic sesquiterpene alcohol, with a scent reminiscent of lime-tree blossoms, is present in many essential oils such as citronella, neroli, cyclamen, lemon grass, tuberose and rose [25] . Farnesol is used in deodorising agents, but attention should be paid to the skin sensitization effect of this fragrance [26] . Trans,trans-farnesol exhibits antimicrobial activity against Grampositive and Gram-negative bacteria [4, 17] . The antifungal activity of this sesquiterpene was tested against Paracoccidioides brasiliensis and, at concentrations between 25 and 300M, farnesol has a potent activity against P. brasiliensis [28] .
For all the above mentioned terpenes, good antimicrobial and fungistatic activity is reported [4, 22, 27, 29, 30] . However, to our knowledge, they have not been tested against airborne microbes. Currently, formaldehyde and phenol derivatives such as cresol are used as room-disinfectants. However, because of their toxicity to humans and their unpleasant smell, these compounds are not optimal for decreasing airborne microbes [31] . Therefore, the development of an easy and safe way to reduce the amount of airborne microbes in places where foods are processed or people come together is required [32] . Terpenes have the potential to act as such new air disinfectants [33, 34] .
In general, the incidence of systemic fungal infections in humans has dramatically increased in the last two decades [35] , while the resistance to chemical agents has become an important problem in many fungal diseases. In addition, the high toxicity of the antifungial agents used today and their low efficacy rates are a serious problem for human health [28, 36] . Therefore, finding new, effective and low toxicity agents is an important activity of research. To the best of our knowledge we report for the first time the activity of sesquiterpene alcohols against selected plant pathogens.
Antimicrobial activity against airborne microbes:
A reduction in the total microbial count in air was achieved with each of the tested substances at the applied concentration of 5.0 mg/m³ after a residence time of 15 min. O-methyl-nerolidol resulted in an average microbial count reduction of 23.6% (SD 24.6). Results are shown in detail in Figure 1 .
The identification procedure of the airborne microbes led to the following results: Approximately 60% of the examined colonies turned out to be cocci (Micrococcus luteus, Micrococcus sp., Staphylococcus epidermidis), approximately 25% were bacilli (Bacillus cereus ssp. mycoides, Bacillus sp.), and the rest consisted of miscellaneous bacterial colonies such as Corynebacterium sp.
Only very few fungi were detectable (Penicillum sp.). Table 2 , all tested aroma samples demonstrated antibacterial activity against the used microbial cultures. The highest activity was demonstrated by cis-nerolidol, trans-nerolidol and -bisabolol, followed by trans,trans-farnesol and cabreuva oil. Geometric isomers cisnerolidol and trans-nerolidol demonstrated equal antibacterial activity, which means that geometric isomerization has no significant effect on the antimicrobial properties of the tested substances. Pure compounds were characterized by higher antibacterial activity in comparison with cabreueva oil. Probably some of the essential oil constituents demonstrated antagonistic effects with regard to antibacterial activity. Gram-positive bacteria were more susceptible to the tested aroma samples in comparison with Gram-negative bacteria. This phenomenon is due to the different composition and structure of the cell walls of Grampositive and Gram negative bacteria. Among the tested Gramnegative bacteria, Pseudomonas species were the most resistant. Conclusion: Among the examined terpenes, -bisabolol and trans,trans-farnesol, followed by cis-nerolidol, were the most effective ones, and appear to be promising candidates for new antimicrobials. Cabreuva essential oil was less effective in all our tests, probably due to antagonistic effects of some constituents.
Antimicrobial testings MIC and MBC: As shown in
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Air sampler: Air samples were taken with a RCS Air Sampler, purchased from Biotest AG, Dreieich, Germany. The RCS Air Sampler uses inertial impaction to collect the airborne microbes. The microbes are impacted onto commercially available agar strips (see Culture medium), which are incubated in an incubator after sampling. According to the manufacturer's specifications the sampling volume of the RCS Air Sampler is 280 L/min and the separation volume is 40 L/min for particles with a diameter of 4 µm [37] .
Culture medium: For determination of total counts, agar strips TC (Art. No. 941105050) obtained from Biotest AG, Dreieich, Germany, were used as culture media.
Test room:
The experiments were carried out in laboratories at the University Centre of Pharmacy Althanstrasse 14, Vienna, Austria during May to July 2011. The air volume of every laboratory was 8.0m 3 , the temperature 24°C and the air humidity 46%.
Atomizer bottles:
Atomizer bottles (10 mL) were purchased from VWR International GmbH, Vienna, Austria (Art. No. 215-6270). The spray angle was 35° and 0.05 mL was atomized by one spraying performance.
Method:
Single compounds and the essential oil were prepared, homogenised and tested at a dilution of 1:100. Emulsions (o/w) of 1.0 g test substance/essential oil and 99.0 g distilled water were prepared and homogenised. By atomizing 4.0 mg emulsion in the test rooms, an air born concentration of 5.0 mg/m³ was achieved. After determining the total air born microbial count with the RCS Air Sampler in each test room by sampling air for 4 min, the test compounds/essential oil were vaporized. Fifteen min later, the total microbial count was measured again with the same experimental setup. Ten measurements were performed for each substance/essential oil. The identical procedure was used for determining the blank values, but without the use of test compounds/essential oil.
After sampling, the agar strips were incubated in an incubator at 30°C for 48 h. Then the colonies on the agar strips were counted and the total colony count for air in CFU/m³ was calculated using the following formula ( Figure 1 ). Afterwards, the average reduction (AR) of colony count (see Figure  2 ) and the standard deviation (SD) (see Figure 3) were calculated. This method was successfully applied to the antimicrobial testing of trans-cinnamaldehyde, eugenol, linalool and thymol [33] .
Identification of airborne microbes:
The colonies were inoculated from the agar strips, transferred into standard I nutrient broth (Merck, Darmstadt, Germany) and cultured for 24 h at 30°C. A Gram stain using crystal violet, iodine/alcohol and safranin (all Merck, Darmstadt, Germany) was performed to group bacteria. The bacteria were isolated on standard I nutrient agar (Merck, Darmstadt, Germany), examined with a light microscope (Alphaphot 2 YS"-H, Nikon, Japan) and identified by performing a respective API-test (bioMérieux, Marcy l´Etoile, France) [34] . Overnight bacterial cultures were prepared by inoculating about 2 mL of Mueller-Hinton Broth (MHB, NCIPD, Bulgaria) with 2-3 colonies selected from NA. Broths were incubated at 37 o C for 24 h on a rotary shaker (220 rev/min). Inocula were prepared by diluting overnight cultures by adding sterile MHB to achieve absorbance, corresponding to 0.5 McFarland turbidity standard.
Antimicrobial testings MIC and MBC:
A serial broth dilution method was carried out in accordance with CLSI recommendations [9, 10] . The test stock solution was prepared by diluting an essential oil of rose sample in DMSO (Sigma-Aldrich Co.). Stock bacterial solution was then added to culture broth to reach final essential oil concentrations ranging from 3.28% (v/v) to 0.01% (v/v). The final concentration of DMSO did not exceed 1% and did not influence the growth of test bacterial cultures. Serial dilutions were inoculated with 100 μL of bacterial inoculum, prepared as above. Control samples of inoculated broth without essential oil and without DMSO, and inoculated broth with DMSO, were also incubated under the same conditions. After 24 h incubation at 37°C, microbial growth was evaluated and the Minimal Inhibitory Concentration (MIC) was determined. MIC is defined as the lowest concentration at which total inhibition of microbial growth was detected. To determine minimal bactericidal concentration (MBC), 100 μL of each dilution showing no growth was spread on MHA and the inoculated Petri dishes were incubated at 37 o C for 24 h. The colony forming units were counted and compared with the control dishes. MBC was defined as the lowest concentration that killed >99.9% of the initial inoculum. Each experiment was performed in duplicate.
Antifungal activity
Microdilution broth assay: A standardized 96-well micro-dilution broth assay developed by Wedge and Kuhajek [38] was used to evaluate antifungal activity towards Botrytis cinerea, Colletotrichum acutatum, C. fragariae, C. gloeosporioides, Phomopsis viticola, P. obscurans and Fusarium oxysporum. The fungicides azoxystrobin (98%, Syngentia, Greensboro, NC, USA) and captan (98%, Chem Service, Inc., West Chester, PA) were used as internal fungicide standards in all assays. Each fungus was challenged in a dose-response format using test compounds where the final treatment concentrations were 0.3, 3.0 and 30.0 µM. Microtiter plates (Nunc MicroWell, untreated; Roskilde, Denmark) were covered with a plastic lid and incubated in a growth chamber, as described previously [39] . Fungal growth was then evaluated by measuring absorbance of each well at 620 nm using a microplate photometer (Packard Spectra Count, Packard Instrument Co., Downers Grove, IL).
Microtiter assay experimental design:
Chemical sensitivity of each fungus was evaluated using a 96-well plate microbioassay format. Each chemical was evaluated in duplicate at each dose (0.3, 3.0 and 30.0 µM). Sixteen wells containing broth and inoculum served as positive controls, 8 wells containing solvent at the appropriate concentration and broth without inoculum were used as negative controls. The experiments were repeated 3 times over time. Mean absorbance values and standard errors were used to evaluate fungal growth at 48 h and 72 h, except for P. obscurans and P. viticola, for which the data were recorded at 144 h. Means for percent inhibition of each fungus at each dose of test compound (n = 4) relative to the untreated positive growth controls (n = 32) were used to evaluate fungal growth. The SAS system analysis of variance procedure (Statistical Analysis System, Cary, North Carolina) was used to identify significant factors, and Fisher's protected LSD was used to separate means [40] .
Analysis of cabreuva oil:
The cabreuva oil sample was analysed by GC-FID (gas chromatography-flame ionization detector) and GC-MS (gas chromatography-mass spectrometry) simultaneously in one quadrupole mass spectrometer and a self-made FID-MS splitter. A 50 m x 0.25 mm x 1.0 µm SE-54 fused silica column (CS Chromatographie Service, Germany) was used and the effluent of the column split with a quartz Y connector to the FID and MS detectors. A 1 m x 0.25 mm deactivated fused silica column served as a transfer line to the FID detector and a short (ca. 20 cm) 0.1 mm ID fused silica restrictor column as GC-MS interface line limited the gas flow to the MS vacuum. With this configuration, it is possible to get a FID as well as a MS chromatogram with almost identical retention times, thus facilitating peak assignment of the FID chromatogram.
The carrier gas was helium 5.0, with a constant flow rate of 1.5 mL/min. The injector temperature was 230°C, FID detector temperature 250°C, GC-MS interface heating 250°C, ion source 150°C, EI mode at 70 eV, and scan range 40-300 amu. The following temperature program was used: 46°C for 1 min to 100°C at a rate of 5°C/min; 100°C to 230°C at 2°C/min; and 230°C for 13.2 min. Identification was achieved using Finnigan XCalibur 1.2 software with MS correlations through the NIST 2008, Adams, MassFinder and our own library. Retention indices of reference compounds and from literature data were used to confirm peak data. Quantification was achieved through peak area calculations of the FID chromatogram. This method was already successfully applied to the analysis of the essential oils of cedar wood, juniper berries, myrrh, geranium, rose, rosemary and chamomile [20, 27] .
